INTRODUCTION {#sec1-1}
============

Isolated systolic hypertension (ISH) has been revealed as an independent risk factor for cardiovascular diseases such as left ventricular hypertrophy (LVH), heart failure, coronary heart disease, and stroke.\[[@ref1][@ref2]\] ISH could also cause renal damage in an early stage, and the renal damage often happens insidiously and persists for many years without any typical clinical manifestations. Therefore, how to detect early mild renal insufficiency is crucial. Some serum markers of renal function filtered by the renal glomerulus such as beta-2 microglobulin (B2M) and cystatin C are thought to be more sensitive parameters for renal function assessment and stronger predictors for death and cardiovascular events compared to serum creatinine (SCr).\[[@ref3][@ref4]\] B2M is a polypeptide which is present on the surface of nucleated human cells and thrombocytes.\[[@ref5]\] It has been viewed as a useful parameter for estimated glomerular filtration rate (eGFR) and detecting mild-to-moderate renal insufficiency.\[[@ref6]\] The serum B2M concentration in the elderly patients was found to be related to some nonrenal determinants such as systolic blood pressure (SBP), total cholesterol, smoking, glucocorticoid therapy, and inflammatory conditions except for renal determinants in recent studies.\[[@ref7]\] The serum B2M concentration has been revealed as an independent predictor of total mortality in the general population or elderly patients, even when the eGFR was in normal range.\[[@ref8]\] However, the prognostic value of serum B2M concentration for risks of cardiovascular events and all-cause death in elderly ISH patients without severe renal insufficiency in China has not been elucidated.

The aim of this observational study was to evaluate whether the elevated serum B2M was a predictor for major cardiovascular events (MACEs) and all-cause mortality in the elderly patients with ISH adjusting for other renal parameters such as creatinine-eGFR and cystatin C.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population {#sec2-1}
----------------

According to the previous studies such as "Amighi *et al*. stroke, in 2011,"\[[@ref9]\] the estimated incidence of MACEs in the elevated B2M group (B2M ≥0.28 mg/dl) was 17% whereas the estimated incidence of MACEs in the lower B2M group (B2M \<0.28 mg/dl) was 7%. The sample size was calculated with PASS statistics version 11.0. Error rates were defined as follows: α = 0.05; β = 0.10. The estimated sample size was 440. We reviewed the data of a total of 460 hospitalized elderly patients with ISH who were admitted because of hypertension in Chinese PLA General Hospital from January 2010 to June 2012. The hospital electronic medical database recorded all of the medical histories, therapeutic procedures, cardiovascular events, deaths, laboratory, and imaging data. The inclusion criteria included the following: (1) patients aged over 65 years; (2) established ISH. ISH was defined either by registration of the diagnosis in the previous medical chart, the use of antihypertensive medication or SBP ≥140 mmHg and diastolic blood pressure (DBP) \<90 mmHg. We excluded patients with acute myocardial infarction (MI) and confirmed stroke within 6 months. Patients with secondary hypertension, critical aortic or mitral stenosis, malignant tumors, severe renal insufficiency (eGFR \<30 ml/min/1.73 m^2^), autoimmune nephrosis, nephrotic syndrome, glomerulonephritis, antiphospholipid syndrome, and uncontrolled infection were also excluded from the study.

Definitions {#sec2-2}
-----------

General health status, gender, body mass index (BMI), and personal histories of cardiovascular diseases were recorded on admission. Several echocardiography parameters such as the left ventricular end-diastolic diameter (LVEDD), interventricular septal thickness (IVST), and posterior wall thickness (PWT) were derived from the echocardiographic data. The left ventricular ejection fraction (LVEF) was measured using Simpson\'s method according to the recommendations of the American Society of Echocardiography. The left ventricular mass (LVM) was calculated according to the formula as follows: 0.8 × (1.04 × \[LVEDD + PWT + IVST\]^3^ − LVEDD^3^) + 0.6 (g)\[[@ref10]\] and indexed for body surface area as LVM index (LVMI). We defined left ventricular mass index greater than 125g/m^2^ for men and greater than 110g/m^2^ for women as the cut-off values of left ventricular hypertrophy (LVH).\[[@ref11]\] Renal insufficiency was defined as creatinine-eGFR \<60 ml/min/1.73 m^2^, while severe renal insufficiency was defined as creatinine-eGFR\<30ml/min/1.73m^2^\[[@ref12]\] using the abbreviated equation as follows: EGFR = 186 × (SCr)^−1.154^× (age)^−0.203^× (0.742 if female) × 1.233, where SCr is serum creatinine and 1.233 is the adjustment coefficient for Chinese.\[[@ref13]\]

Outcome ascertainment {#sec2-3}
---------------------

The major study outcomes included MACEs as follows: nonfatal acute MI, acute heart failure, ischemic stroke and cardiovascular deaths. Cardiovascular deaths were attributed to MI, heart failure, and sudden cardiac death. Acute MI accorded with at least two criteria in coronary heart disease patients as follows: (1) typical chest pain, (2) typical electrocardiography evolution process of MI, (3) and dynamic change of typical myocardial markers. Acute heart failure was defined as a rapid onset or worsening of symptoms and/or signs of heart failure reflecting overload (pulmonary congestion and/or peripheral edema).\[[@ref13]\] Ischemic stroke was defined as a sudden onset of neurological deficit lasting for \>24 h, and was confirmed by computed tomography or magnetic resonance imaging according to the Oxford classification. Information of the end-points was collected from the medical records and electronic database.

Twenty-four-hour ambulatory blood pressure monitoring parameters and measurement of biomarkers {#sec2-4}
----------------------------------------------------------------------------------------------

All the participants accepted ambulatory blood pressure monitoring (ABPM) on admission. ABPM was performed with a portable lightweight device (Mobil-O-Graph, I.E.M., Stolberg, Germany). We calculated the means of 24-h BP, daytime BP, and nighttime BP. Standard deviation (SD) as an index of BP variability was calculated separately for day and night, respectively.

Assessments of SCr, serum cystatin C (The previous studies had shown that serum cystatin C was almost the same sensitive parameter for renal function assessment compared with B2M especially in patients with mild to moderate renal insufficiency. Serum cystatin C was also associated with cardiovascular adverse events and death in patients with stroke, coronary heart disease and heart failure. Cystatin C was used to futher analyze the interaction between cystatin C and B2M), B2M, blood uric acid (BUA), and hemoglobin (Hb) were performed in the central laboratory of our hospital from blood samples obtained on admission.

Statistical analyses {#sec2-5}
--------------------

All statistical analyses were performed using IBM SPSS statistics version 18.0 (SPSS, Inc., Chicago, IL, USA). Continuous variables were shown as the mean ± SD. Univariate analysis was computed using the unpaired independent samples *t*-test for continuous variables and Chi-square test for categorical variables. Data with a nonnormal distribution were shown as median with interquartile range. The cumulative incidences of adverse events were plotted as the Kaplan--Meier curves between the different groups, and the differences were assessed using the log rank test. The Cox proportional hazard models were adopted to calculate the adjusted hazard ratio (HR) of risk factors for adverse events. Adjusted HRs with 95% confidence intervals (CIs) were reported separately.

RESULTS {#sec1-3}
=======

The baseline characteristics {#sec2-6}
----------------------------

A total of 460 elderly patients with ISH (females, 6.1%; mean age at baseline, 82.58 ± 9.06 years) were followed up for a median of 3.25 years. All patients were divided into two groups according to the median of serum B2M concentration (0.28 mg/dl). Baseline characteristics of the study population are reported in [Table 1](#T1){ref-type="table"}. In this cohort, the patients in the elevated B2M group (B2M ≥0.28 mg/dl) had higher prevalences of coronary heart disease, heart failure, renal insufficiency, MI, hyperuricemia, prior hemorrhage, and anemia than those in the control group (B2M \<0.28 mg/dl), respectively (all *P* \< 0.05). No statistically significant differences were observed between the two groups in gender, BMI, follow-up period, prior stroke, diabetes mellitus (DM), peripheral arterial disease (PAD), and atrial fibrillation (AF). Student\'s *t*-test showed that values of age, cystatin C, SCr, and BUA were significantly higher in the elevated B2M category group compared to those in the control group. The lower B2M category was associated with higher total DBP, higher SD of nighttime DBP, higher daytime/nighttime DBP, higher LVEF, higher eGFR, and higher Hb (all *P* \< 0.05). There were no significant differences in total SBP, SD of daytime SBP, SD of daytime DBP, SD of nighttime SBP, daytime SBP, and nighttime SBP between the two groups. The patients with elevated serum B2M concentration were treated more frequently with oral diuretics than patients in the control group (*P* \< 0.05) \[[Table 2](#T2){ref-type="table"}\].
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Baseline characteristics of the study participants according to serum beta-2 microglobulin concentration
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Comparisons of ambulatory blood pressure parameters and clinical medications
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Clinical outcomes {#sec2-7}
-----------------

Clinical outcomes and crude incidence rates of elderly patients with ISH according to serum B2M concentration are listed in [Table 3](#T3){ref-type="table"}. During the median of 3.25 years' follow-up, 63 patients (13.7%) died, and 65 patients (14.1%) had MACEs (19 patients had nonfatal acute MI, 10 patients had acute heart failure, 29 patients had ischemic stroke, and 17 patients died of cardiovascular deaths). The annual all-cause mortality in patients with higher B2M category was approximately 22.2% and declined to 5.2% in patients with lower B2M category (*P* \< 0.01). The annual rate of MACEs was 21.3% in patients with higher B2M category and was 7.0% in patients with lower B2M category. On univariate analysis, the Kapan--Meier estimates of cumulative incidences of MACEs and all-cause mortality increased with the B2M categories, respectively (all *P* \< 0.05) \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Incidences of adverse events according to the category of serum beta-2 microglobulin concentration
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![Kaplan--Meier estimates of cumulative incidences of (a) major cardiovascular events and (b) all-cause death according to the categories of beta-2 microglobulin](JRMS-23-82-g004){#F1}

Multivariable analyses {#sec2-8}
----------------------

Univariate and multivariable Cox regression analyses of risk factors for MACEs and all-cause death are shown in [Table 4](#T4){ref-type="table"}. Model 1 was a univariate model. Multivariable Cox regression model 2 was applied including creatinine-eGFR and other basic risk factors such as age, gender, LVH, BMI, coronary heart disease, heart failure, prior stroke, intracranial hemorrhage, DM, prior MI, PAD, AF, hyperuricemia, prior bleeding, anemia, and pressure parameters. Multivariable Cox regression model 3 was further adjusted for B2M and cystatin C on the base of model 2. At the end of the follow-up, the crude HRs for MACEs and all-cause death in the patients with elevated B2M category were higher than those with lower B2M category, and remained statistically significant (HR: 2.62, 95% CI: 1.46--4.69, *P* = 0.001 and HR: 3.40, 95% CI: 1.78--6.48, *P* \< 0.001, respectively) after adjusting for other multiple confounders including creatinine-eGFR and cystatin C.

###### 

Univariate and multivariable Cox regression analyses of risk factors for major cardiovascular events, all-cause death, and major bleeding events
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In addition, after adjusting for other risk factors, MI, heart failure, and anemia were independent risk factors for MACEs (HR: 2.103, 95%CI: 1.13--3.90; HR: 2.87, 95%CI: 1.41--5.87 and HR: 2.50, 95% CI: 1.27--4.91, respectively). LVH, heart failure, and anemia were independent risk factors for all-cause death (HR: 1.93, 95% CI: 1.16--3.21; HR: 2.84, 95% CI: 1.51--5.31 and HR: 2.53, 95% CI: 1.39--4.59, respectively). In addition, we found no association between measures of BP variability and clinical outcomes such as MACEs and all-cause death.

DISCUSSION {#sec1-4}
==========

ISH is a distinct type of hypertension characterized by elevated SBP without elevation of DBP. The mechanism of ISH has proposed to be related to the increased stiffness of the large arteries and reflected waves from peripheral vessels.\[[@ref14]\] ISH has been revealed to cause renal damage in an early stage. As a useful parameter for detecting mild renal insufficiency, B2M might be a more accurate predictor of cardiovascular disease prognosis than other filtration markers. The present study demonstrated that a higher category of serum B2M concentration (B2M ≥0.28 mg/dl) was individually associated with increased risks of MACEs and all-cause death after adjustment for other traditional risk factors including creatinine-eGFR and cystatin C in elderly ISH patients without eGFR\<30ml/min/1.73m^2^. In addition, we found no association between measures of BP variability and clinical outcomes such as MACEs and all-cause death.

The previous studies had demonstrated that the prevalence of ISH was approximately 5.1%--11.9%, among the adult population in China, and increased with age for both men and women.\[[@ref1]\] Although it was the most important goal in the elderly patients with ISH to decrease the BP to the recommended targets, the treatment of cardiovascular risk factors and subclinical target-organ damages were essential. Renal insufficiency was one of the most common complications in elderly patients with ISH, even in the early stage without any typical clinical manifestations. Plasma B2M is a low-molecular-weight protein freely filtered by the glomeruli and reabsorbed by the proximal tubular cells. The serum B2M concentration, which was primarily determined by eGFR, increased with several malignancies and infectious diseases, and decreased with the lipo-prostaglandin E1 intervention regardless of the degree of renal dysfunction.\[[@ref15][@ref16]\] Some studies demonstrated that the serum B2M concentration was associated with several nonrenal factors such as blood pressure, gender, chronic inflammatory disease, and age.\[[@ref7][@ref9]\] A higher serum concentration can be used as a highly sensitive marker for detecting kidney dysfunction.\[[@ref16]\] More importantly, higher B2M concentration was associated with or more strongly associated with death, cardiovascular event, incident cardiovascular disease (coronary disease, stroke, and heart failure),\[[@ref17]\] and the prognosis in kidney disease independently,\[[@ref8][@ref18]\] even after adjustment for other factors such as eGFR, C-reactive protein, and history of heart disease or cancer.\[[@ref5][@ref19][@ref20]\] Previous studies also found that the serum B2M concentration was associated with all-cause death in patients with uremia,\[[@ref21]\] acute heart failure,\[[@ref22]\] DM, acute coronary syndrome,\[[@ref23]\] and asymptomatic carotid atherosclerosis.\[[@ref8][@ref9]\] The PROSPECT study even found that B2M strongly predicted MACEs within 3 years after percutaneous coronary intervention in acute coronary syndrome.\[[@ref23]\] The favorite trial also found B2M was strongly associated with cardiovascular events and mortality in stable kidney transplant recipients.\[[@ref24]\] However, related data on elderly patients with ISH are scarce at present. In this study, we confirmed the elevated serum B2M concentration increased with the kidney function parameters such as SCr, serum BUN, and serum cystatin C. Similarly, in NHANES III and some other studies,\[[@ref25]\] several nonkidney factors were also associated with elevated serum B2M concentration including older age and lower Hb. Moreover, our present data suggested higher serum B2M concentration was an independent risk factor for MACEs and all-cause death in elderly ISH patients without severe renal insufficiency. However, the mechanisms by which B2M increased mortality risk were not well understood. The potential causes might include the following: (1) serum B2M concentration was a highly sensitive marker for kidney insufficiency after adjustment for eGFR and strongly associated with prognosis in kidney disease;\[[@ref8]\] (2) the high serum B2M concentration might damage vessels by participating in amyloid formation in the vascular wall;\[[@ref5]\] (3) serum B2M concentration was a marker of chronic inflammation; (4) and there was a correlation between serum B2M concentration and arterial stiffness associated with heart failure and atrial arrhythmia.\[[@ref26][@ref27]\] In addition, we found that the serum B2M concentration had a superior value to distinguish the risk of MACEs and all-cause death compared to baseline serum cystatin C and eGFR. This finding was consisting of the previous study that found the serum B2M was more sensitive than creatinine in predicting cardiovascular events in patients with chronic kidney disease.\[[@ref28]\] It suggested serum B2M level may contribute additional risk information beyond eGFR among persons with moderate chronic kidney disease and was an important link between the kidney and the cardiovascular diseases.\[[@ref29]\]

In this study, another finding was that there was no association between measures of BP variability derived from ambulatory BP measurement and clinical outcomes. The result was similar to those studies which showed BP variability could not predict the risk of cardiovascular events beyond the BP level.\[[@ref30]\] However, the BP variability derived from ambulatory BP measurement (short-term BP variability) may have insufficient statistical power to clarify the correlation compared to the visit-to-visit BP variability.

Limitations {#sec2-9}
-----------

This study has several limitations. First, our data came from in-hospital patients and based on the relatively small sample size, which could induce patient selection bias. Second, in our cohort, only 6.1% of patients were female, which could affect the sex-specific risk of adverse events. Third, it was not taken into account that changes in serum B2M concentrations might have occurred during the follow-up period. Finally, we excluded elderly ISH patients with severe renal insufficiency (eGFR\<30ml/min/1.73m^2^); hence, the present results may not be generalizable to all elderly ISH patients. A larger sample prospective and long-term follow-up study should be further investigated.

CONCLUSION {#sec1-5}
==========

The serum B2M concentration was individually associated with MACEs (nonfatal acute MI, acute heart failure, ischemic stroke, and cardiovascular deaths) and all-cause death in elderly ISH patients without eGFR\<30ml/min/1.73m^2^ even adjusted for creatinine-eGFR and cystatin C. No correlation was found between blood pressure variability and the incidence of MACEs or all-cause mortality.

Financial support and sponsorship {#sec2-10}
---------------------------------

This study was funded by the Science and Technology Innovation Fund of Chinese PLA General Hospital (No. 14KMM14).

Conflicts of interest {#sec2-11}
---------------------

There are no conflicts of interest.

We would like to acknowledge the reviewers for their helpful comments and the editors for their kind work on this paper.
